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This application relates fo a process for pre- 
paring organic phosphorus compounds which 
are particularly useïul for insecticidal purposes 
by means of a trialkyl phosphate and a lower 
fatçy acid anhydride. 
We have discovered that trialkyl phosphates, 
particularly triethyl phosphate, react with lower 
fatty acid anhFdrides, such as of acetic, propi- 
onic, or butyric fo give complex, organic phos- 
phorus compounds having insecticidal proper- 
ries. The other product of this reaction is the 
alkyl ester of the acid anhydride used. Ordi- 
narity the trialkyl phosphate and the acid anhy- 
dride are reacted in the proportion of one mol. 
of the phosphate with /2-1 mol. oï the anhy- 
dride. We have round that the reaction is 
facilitated by the presence oï a catalyst. When 
one mol. of triethyl phosphate is reacted with 
/2 mol. of acetic anhydride, there is obtained 
one mol. of ethyl acetate plus an organic phos- 
phorus compound containing one less ethyl 
group per phosphorous molecute. The resulting 
product appears fo be mainly tetraethyl pyro- 
phosphate. If the reaction product thus formed 
is reacted with more acetic anhydride either due 
to ifs presence originally or to ifs addition after 
the above-described reaction has taken place, 
still more ethyl acetate is formed and the reac- 
tion product contains still less ethyl groups per 
phosphorous molecule. The reaction product 
here appears fo be a higher molecular weight 
potyphosphonate, the molecular weight oï this 
polyphosphonate depending upon how much 
acetic anhydride is reacted with the triethyl 
phosphate. The reaction is carried out prefer- 
ably at a temperature within the range of 140- 
205 ° C. and in the presence of a catalyst. Some 
of the catalysts which have been round to be 
particularly useful in the reaction of this type 
are boron trifluoride etherate, sulfuric acid, 
boric anhydride, boric acid, or esters of boric 
acid, such as butyl borate. 
In the operation of the process in accordance 
with our invention it is ordinarily desirable fo 
distil the alkyl acetate from the reaction mixture 
as rapidly as if is formed, thus driving the reac- 
tion fo the right, this being accomplished, for 
instance, by attaching a distillation column 
packed with Pyrex chips to the closed reaction 
vessel in which the reaction is carried out. 
The products prepared in accordance with out 
invention have been tested for insecticidal prop- 
erties by determining the percentage of kill of 
fruit flies. These products have been mixed 
with inert powder, such as sulfur, in proportions 
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of i:i00, 1:500, i:i000, and 1:2000.. It has been 
round that the kill of fruit flies bas been 100% 
with thçse compositions in a time of but 4 or 5 
minutes. The time required for the reaction in 
out process depends upon the catalyst used, the 
amount of catalyst, and the reaction tempera- 
ture employed. The following table has been 
collected from the results of several instances of 
processes in accordance with out invention in 
which two mols. of triethyl phosphate and one 
mol. of acetic anhydride were added together in 
a flask with the specified catalyst and the reac- 
tion mixture was heated until two mols. of ethyl 
acetate formed were collected. 

Catalyst Used 

20 0.5 cc. BF.EtO ............................. 
1.0 ce. BF.EtO ............................. 
1.{) cc. BF3.Et20 ............................. 
3.5 cc. BF3.EtO ............................. 
3.5 ce. BF3.EtO ............................. 
20.0 cc. BF.Et20 ............................ 
1 cc. HSO4 .................................. 
25 3.5 ce. HSO4 ................................ 
5 cc. H2SO .................................. 

Reactiou Duration 
Temper- of 
aturc Reaction 
o C. hours 
170-205 2 
165-170  5 
14,5-150 91 
160-170 1 
165-172 1 
160-170 1 
165-170 12 
160-170 6 
160-170 5 

The reaction product in all cases was a dark 
brown liquid containing 20-30% of unreacted 
80 triethyl phosphate. The latter could be removed 
by distillation at a low temperature under a high 
vacuum although the presence of this material 
therein was not detrimental fo the use of the 
material for insecticidal purposes. Toxicity tests 
85 on the samples indicated that it was desirable to 
carry out the reaction as rapidly as possible fo 
obtain the highest toxicity. The product pre- 
pared by the method described ordinarily con- 
tained 2-40% of tetraethyl pyrophosphate and 
40 for insecticidal purposes the product was used in 
the unrefined condition. 
The following examples illustrate our inven- 
tion: 
Exampe l.--One mol. of triethyl phosphate, 
45 0.5 mols. of acetic anhydride and a trace of 
boron trifluoride etherate was mixed together 
and placed in a distillation flask. The reaction 
mixture was heated on an off bath at 175-180 ° C. 
for three hours. At the end of this rime one 
50 mol. oï ethyl acetate had distilled from the reac- 
tion mixture. The product remaining was a 
clear, slightly viscous liquid. 
Example 2.--One mol. of trimethyl phosphate 
was mixed with one hall mol. oï acetic an_hy- 
55 dride and a trace of concentrated sulfuric a'cid 
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and the mixture was placed in a distfllation flask. 
The reaction mass was heated in an oii bath at 
175-180 ° C. for 4½ hours. At the end of this 
rime 1 mol. of methyl acetate had distilled from 
the reaction mixture. The reaction product was 
a light brown viscous liquid. 
Exemple 3.mOrte mol. of tripropyl phosphate 
was mixed with 0.5 mol. of propionic anhydride 
and a trace of sulfuric acid and the mixture was 
placed in a distfllation flask. The mass was heat- 
ed at a temperature of 180-185 ° C. for twelve 
hours. Af the end of this rime one mol. of pro- 
pylpropionate had distflled from the reaction 
mixture. The remaining product was a clear vis- 
cous liquid. 
Other alkyl phosphates may be employed in 
procedures similar to those described in the ex- 
amples to prepare other organic phosphorus 
compounds. Some alkyl phosphates which may 
be used in this connection are: 
Tri- chloroethyl phosphate 
Tri-, difluoroethyl phosphate 
Tri- cyanoethyl phosphate 
Tri- fluorethyl phosphate 
Tri butyl phosphate 
Diethyl phenyl phosphate 
Td-ç methoxyethyl phosphate 
In reactions in accordance with our invention 
the amount of catalyst needed is extremely small 
such as on the order of 0.001-0.60 of the boron 
compound or the sulfuric acid based on the 
weigh.t of the mixture of triethyl phosphate and 
acetic anhydride although in some cases as much 
catalyst as .00 may be employed. The reac- 
tion will even progress in the absence of catalyst. 
ttowever, we bave round that ordinarfly the best 
results are obtained when the reaction is speeded 
up and, hence, the use of catalyst is preferred. 
We claire: 
1. A process of preparing insecticidal organic 
phosphorus compounds which comprises heating 
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together triethyl phosphate and acetic anhydride 
in the presence of 0.001-0.6% of boron trifluoride 
etherate ata temperature within the range of 
140-.05 ° C. 
5 .. A process of preparing inseeticidal organic 
phosphorus compounds, which comprises heating 
tegether a triethyl phosphate and acetic anhy- 
dride together with 0.001-0.6% of a catalyst se- 
lected from the group consisting of boron triflu- 
10 oride etherate, sulfuric acid, boric anhydride, 
boric acid, and butyl borate st a temperature 
within the range of 140-.05 ° C. 
3. A process of preparing insecticidal organic 
phosphorus compounds which comprises heating 
15 tegether a trialkyI .phosphate, the alkyl being of 
2-4 carbon atoms and acetic anhydride together 
with 0.001-0.6% of a catalyst selected from the 
group consisting of boron trifluoride etherate, sul- 
furic acid, boric anhydride, boric acid and butyl 
20 borate, af a temperature within the range of 
140-.05 ° C. 
4. A process of preparing insecticidal organic 
phosphoric compounds which comprises heating 
tegether trialkyl phosphate and acetic anhydride 
25 in the presence of 0.001-0.60 of boron trifluoride 
etherate at a temperture within the range of 
140-205 ° C. 
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